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Case-control Study of Risk Factors for Lumbar Intervertebral Disc 
Herniation in Croatian Island Populations
Aim To investigate the risk factors for lumbar intervertebral disc her-
niation (L4/L5 or L5/S1) severe enough to require surgery of the lower 
spine among 9 isolated populations of Croatian islands and to evaluate 
predictive value, sensitivity, and specificity of a simple screening test 
based on the understanding of the risk factors in this population.
Methods In a sample of 1001 examinees from Croatian island popula-
tions, we identified all subjects who underwent surgery of the lower 
spine due to lumbar intervertebral disc herniation L4/L5 or L5/S1 
and selected 4 controls matched by age, gender, and village of resi-
dence for each of them. Odds ratio was computed for the following 
variables: body mass index, occupation, intensity of physical labor at 
work, intensity of physical labor at home, smoking index, claudication 
index, self-assessed limitation in physical activity, level of education, 
socio-economic status, and family history of lumbar intervertebral disc 
herniation requiring surgery.
Results Comparison of 67 identified cases with 268 controls revealed 
the highest odds ratios (OR) for positive family history (OR 4.00; 95% 
confidence intervals [CI], 1.89-6.11, P<0.001), intensity of physical la-
bor at work defined as “hard” (OR 2.94; 95% CI, 1.07-4.81, P<0.001), 
and body mass index of 25.7 or more (OR 2.77, 95% CI, 1.05-4.49, 
P = 0.002). A simple screening test based on the presence of any two 
of these three criteria has 74% sensitivity and 82% specificity to detect 
persons who underwent lower spine surgery due to lumbar interverte-
bral disc herniation in the population aged 40 years or more.
Conclusion Occurrence of lumbar disk herniation severe enough to 
require surgery of the lower spine can be predicted using a very simple 
set of criteria. This type of screening could reduce the need for surgery in 
isolated communities through prevention within primary health care.
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With the increase in life expectancy, the surgery 
of the lower spine became relatively frequent in 
most countries (1,2), and in most of the cases it 
is necessitated by lumbar intervertebral disc her-
niation (3). This problem is particularly appar-
ent in rural and isolated human populations, in 
which agriculture and fishery represent the main 
human activities. Because the physical labor they 
perform requires working most of the time in 
bent position that particularly burdens the lower 
spine, they have an increased lifetime risk of the 
lumbar intervertebral disc herniation (4,5). This 
is also often associated with an inadequate access 
to secondary and tertiary health care in the villag-
es, as well as to surgical treatment, which further 
aggravates the problem (6).
Most of the research related to spine surgery is 
focused on the methods and techniques of diag-
nostics, therapy, and rehabilitation, but hardly any-
thing has been published on disease prevention and 
avoiding the need for surgery (7). What would be 
particularly helpful is to understand the risk factors 
for lumbar intervertebral disc herniation requir-
ing surgery of the lower spine in rural and isolated 
human communities. A screening method for in-
creased risk could be developed for identifying risk 
factors very early and thus avoiding the need for 
spine surgery through counseling within the pri-
mary health care and lifestyle modification.
The aim of this study was to investigate risk fac-
tors that predispose individuals to lumbar inter-
vertebral disc herniation severe enough to war-
rant surgery of the lower spine (L4/L5 or L5/S1) 
among the isolated populations of Croatian is-
lands, and to evaluate predictive values, sensitivi-
ty, and specificity of a simple screening test based 




The study was conducted in 9 villages on Croa-
tian islands of Rab, Vis, Lastovo, and Mljet. The 
villages were chosen in 2002 to present a range 
of differing ethnic histories, fluctuations in pop-
ulation size, accessibility of genealogical records 
and population collaboration in research pro-
gram. The details on the selection of the villag-
es were given by Rudan et al (8). The field study 
measuring health variables was performed dur-
ing 2002 and 2003 by a team from the Andrija 
Štampar School of Public Health of the Zagreb 
University School of Medicine and the Institute 
for Anthropological Research in Zagreb, Croatia. 
In each of the 9 chosen villages, a random sam-
ple of 100 adult inhabitants was recruited. Sam-
pling was based on computerized randomization 
of the most complete and accessible population 
registries in each village, which included medical 
records (Mljet and Lastovo islands), voting lists 
(Vis island), and household numbers (Rab island). 
Additional 101 examinees were recruited from 
the immigrants to all 9 villages who agreed to take 
part in the study, to form a genetically diverse con-
trol population that shares the same environment. 
The ethical approval for this research was obtained 
from appropriate research ethics committees in 
Croatia and Scotland. Informed written consent 
was obtained from all participants in the study. 
All field work methods and procedures were de-
scribed in detail by Rudan et al (8).
Study design
The design of this study is outlined in the algo-
rithm shown in Figure 1. First, we identified the 
examinees who underwent surgery of the low-
er spine due to lumbar intervertebral disc herni-
ation and then we selected 4 controls matched 
by age, gender, and village of residence (or immi-
grant status) to each of the cases. We computed 
odds ratios for 10 selected variables that could act 
as potential risk factors. Based on the presence of 
different combination of identified risk factors 
with highest odds ratios, we defined 3 potential 
screening tests and applied them to all the exam-
inees of 40 years or older in the sample (n = 835). 
We tested the validity of the screening tests in 
595
Saftić et al: Risks Leading to Lower Spine Surgery
the population and proposed the screening test 
with the highest value of sensitivity and specific-
ity to predict lumbar intervertebral disc hernia-
tion in primary health care.
Identification of individuals who underwent lower 
spine surgery
The variable of interest was defined as having a 
positive history of lower spine surgery. To make 
this variable as specific and precisely defined as 
possible, we included only the examinees who 
underwent the surgery due to lumbar interver-
tebral disc herniation at the level of L4/L5 or 
L5/S1. A total of 9 examinees (0.9%) who un-
derwent surgery of the lower spine due to other 
causes, such as degenerative changes or stenoses 
were not included in the analysis. Among 1001 
examinees included in this study, a careful exami-
nation of medical records identified a total of 67 
(6.7%) examinees who underwent the operation 
in secondary or tertiary health care facilities.
The decision whether a person met the case 
definition was made unanimously by the two vis-
iting medical doctors (field research staff) and 
the local general practitioner, based on the exam-
inations of medical histories of all the recruited 
examinees and a subsequent review of the docu-
mentation from the secondary or tertiary health 
care facility in which the surgery was performed. 
In all cases, medical records were detailed enough 
for a decision whether the surgery was performed 
because of lumbar intervertebral disc herniation 
(L4/L5 or L5/S1).
Choice of controls
For each of the 67 cases, 4 controls were chosen 
from the reminder of the sample of 1001 exam-
inees. These controls were matched to cases by 
the village of residence/immigrant status, gen-
der, and age (±3 years). If more than 4 appropri-
ate controls could be chosen based on this set of 
criteria, then the priority was given to those con-
trols with the age closest to the case. If there were 
more than 4 possible controls with the same age, 
gender, and village of residence as the case, then 
the 4 were selected using the random number 
tables and based on the last digit of their code 
number.
Choice of variables representing potential risk 
factors
From the information collected during the field 
work, we chose 10 variables that could represent 
potential risk factors for lumbar intervertebral 
disc herniation requiring lower spine surgery. 
The choice was based on previous reports on the 
role of the chosen variables as risk factors for low-
er back pain (5,6,9-13), or because they seemed as 
plausible potential risk factors among the avail-
able information collected during the field study. 
These included body mass index, occupation 
type, intensity of physical labor at work, intensity 
of physical labor at home, smoking index, clau-
Figure 1. An algorithm showing a design of the study in nine steps.
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dication index, self-assessed limitation in physi-
cal activity, level of education, socio-economic 
status, and family history of lower spine surgery. 
Age, gender, and village of residence/immigrant 
status were not considered as potential risk fac-
tors, as these were the variables for which match-
ing was performed.
All variables were defined as dichotomous or-
dered categorical variables, so that the odds ratio 
could be easily computed and a simple screen-
ing test subsequently developed based on the re-
sults of the risk factor analysis. In all cases, high-
er category value of each variable was defined as 
presumably associated with an increased risk for 
lower spine surgery due to lumbar intervertebral 
disc herniation. Examinees were classified as nor-
mal if they had body mass index up to 25.6 or 
overweight if they had body mass index of 25.7 
or more (14). Occupation type was divided into 
sitting or standing occupations (including clerks, 
lawyers, economists, tailors, waiters, cooks, sales-
persons, teachers, policemen, electricians, and 
housewives) and occupations involving hard 
physical activity (agriculture workers, soldiers, 
construction workers, mechanics, and fisher-
men). All occupations were recorded as those 
before eventual lower spine surgery. Three more 
variables were derived from the standard WHO 
questionnaire for chronic non-communicable 
diseases (15): intensity of physical labor at work 
(defined as sitting, easy, or moderate vs hard), in-
tensity of physical labor at home (defined as sit-
ting, easy, or moderate vs hard), and smoking 
index (defined as non-smokers vs smokers or 
former smokers). Claudication index was based 
on the standard WHO claudication question-
naire (16). It is a score ranging between 0 (max-
imum health) and 8 (very poor circulation flow 
and clogged blood vessels). The variable was de-
fined categorically as a value of 0-3 vs value of 
4-8.
The next variable was self-assessment of lim-
itations in physical activity of bending from the 
SF-36 questionnaire (17), defined categorical-
ly as “no limitation or small limitation” vs “con-
siderable limitation”. The level of education was 
defined as “no education beyond elementary 
(8 grades completed)” vs “more than elemen-
tary (9 or more grades)”. Socio-economic status 
was defined according to the questionnaire tai-
lored specially for the examined populations. The 
questionnaire assessed the possession of material 
goods and technical appliances in the household 
(ie, a car, a washing machine/dryer, a color TV 
set, and duration of their possession). The exam-
inees with the score of 0-2 were classified as less 
wealthy, whereas those with the score of 3-4 were 
classified as more wealthy. Finally, a positive fam-
ily history was defined as having a parent who 
underwent spine surgery.
Statistical analysis
We calculated the odds ratio for each of the 10 
potential risk factors and to determine its statisti-
cal significance. The latter was performed using a 
χ2 test for independent samples with one degree 
of freedom.
Sensitivity (Se), specificity (Sp), positive pre-
dictive value (PPV), and negative predictive val-
ue (NPV) of the proposed screening method 
were also calculated.
Results
The study involved 67 cases who underwent sur-
gery for lumbar intervertebral disc herniation 
and 268 controls (4 controls for each case). The 
controls were matched by age, gender, and vil-
lage of residence to the cases. There were 4 in-
vestigated variables that reached the statistical 
significance (Table 1): positive family history of 
lower spine surgery (OR 4.00, P<0.001), self-
perceived intensity of physical labor at work de-
fined as “hard” (OR 2.94, P = 0.001), body mass 
index 25.7 or more (OR 2.77, P = 0.002), and 
occupation as agriculture workers, soldiers, con-
struction workers, mechanics, or fishermen (OR 
1.94, P = 0.038).
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Based on this set of identified risk factors, we 
investigated the validity of a simple screening test 
for identifying the individuals who would like-
ly develop lumbar intervertebral disc herniation 
(L4/L5 or L5/S1) requiring lower spine surgery. 
We used only the first three identified risk fac-
tors: family history of lower spine surgery, self-
perceived intensity of physical labor at work, 
and body mass index 25.7 or more. The occupa-
tion type was left out because it was likely to be 
dependent from self-perceived intensity of phys-
ical labor at work, which showed much higher 
odds ratio and statistical significance. Therefore, 
we only used the three remaining and mutual-
ly largely independent variables to develop the 
screening test.
The validity of three different variants of the 
screening test was tested among the examinees 
in the larger sample from 9 villages, aged 40 years 
or more (n = 835, Table 2). The first variant of 
the test, which required the presence of all 3 risk 
factors to predict the history of lower spine sur-
gery, had a very high specificity (99%), but rath-
er low sensitivity (31%), with the positive predic-
tive value of 72% and negative predictive value 
of 95%. Therefore, we decided to relax the crite-
ria and require only the presence of any 2 of the 3 
identified risk factors, as the second variant of the 
screening test (Table 2). This decreased the speci-
ficity of the test to still acceptable 82%, but im-
proved the sensitivity to 74%. Further relaxation 
of the criteria (requiring only one of the three 
risk factors), which is the third variant of the test 
(Table 2), increased the sensitivity to 95%, but 
reduced the specificity to only 19%.
Table 1. Odds ratios for investigated risk factors for lower spine surgery in Croatian island populations*
Risk factor Cases (n = 67) Controls (n = 268) Odds ratio (95%CI) χ21 P
Body mass index 25.7 or more 55 (82.1%) 167 (62.3%) 2.77 (1.05-4.49)  9.38 0.002
Occupation: agriculture workers, soldiers, construction 
workers,  mechanics or fishermen
22 (32.8%)  54 (20.1%) 1.94 (0.13-3.75)  4.92 0.027
Intensity of physical labor at work: “hard” 21 (31.3%)  36 (13.4%) 2.94 (1.07-4.81) 12.18 0.000
Intensity of physical labor at home: “hard”  5 (7.5%)  13 (5.0%) 1.58 (0.00-4.49)  0.72 0.396
Smokers or former smokers 36 (53.7%) 145 (54.1%) 0.99 (0.00-2.70)  0.00 1.000
Claudication index 4 or more† 12 (17.9%)  48 (17.9%) 1.00 (0.00-3.01)  0.00 1.000
Self-assessed limitation in physical activity: ”considerable”‡ 16 (23.9%)  39 (14.6%) 1.84 (0.00-3.77)  3.40 0.065
Level of education: “8 grades completed or less” 20 (29.9%)  82 (30.6%) 0.97 (0.00-2.76)  0.01 0.920
Socio-economic status index value 0-2§ 23 (34.3%)  82 (30.6%) 1.19 (0.00-2.95)  0.35 0.554
Positive family history of spine surgery 15 (22.4%)  18 (6.7%) 4.00 (1.89-6.11) 14.82 0.000
*A total of 67 cases underwent surgery and were matched by age, gender, and village of residence/immigrant status to 268 healthy controls.
†Based on WHO claudication questionnaire ref. 16.
‡Based on SF36 questionnaire, ref. 17.
§Based on a simple questionnaire tailored for this population, ref. 8.
Table 2. Validity of the screening test based on the three most 
significant identified risk factors, when applied in the larger sam-
ple of the examinees aged 40 y or more from 9 studied villages 
(n = 835)*
Validity parameters
No. (%) of 
examinees
No. of examinees in the larger sample aged 40 y or more 835 (100.0)
No. of examinees who underwent lower spine surgery
 (L4/L5 or L5/S1)
 58 (6.5)
No. of examinees who did not undergo lower spine surgery
 (L4/L5 or L5/S1)
777 (93.5)
Validity of screening test based on the presence of all
3 risk factors:
 underwent surgery, test positive  18 (2.2)
 underwent surgery, test negative  40 (4.8)
 no surgery, test positive   7 (0.8)
 no surgery, test negative 770 (92.2)
 sensitivity  31
 specificity  99
 positive predictive value  72
 negative predictive value  95
Validity of screening test based on the presence of at least 2 
of 3 risk factors:
 underwent surgery, test positive  43 (5.1)
 underwent surgery, test negative  15 (1.8)
 no surgery, test positive 141 (16.9)
 no surgery, test negative 636 (76.2)
 sensitivity  74
 specificity  82
 positive predictive value  23
 negative predictive value  98
Validity of screening test based on the presence of at least 1 
of 3 risk factors:
 underwent surgery, test positive  55 (6.6)
 underwent surgery, test negative   3 (0.4)
 no surgery, test positive 628 (75.2)
 no surgery, test negative 149 (17.8%)
 sensitivity  95
 specificity  19
 positive predictive value   8
 negative predictive value  98
*Body mass index 25.7 or more, intensity of physical labor at work defined as “hard,” 
and positive family history of spine surgery.
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Discussion
This study identified several risk factors for lum-
bar intervertebral disc herniation requiring sur-
gery of the lower spine in Croatian island popu-
lations. The prevalence of the history of the lower 
spine surgery in a random sample of 1001 exam-
inees from 9 villages was 6.7%, and the compar-
ison of 67 cases with 268 controls revealed that 
the highest odds ratios were associated with posi-
tive family history of lower spine surgery, self-per-
ceived intensity of physical labor at work defined 
as “hard,” and body mass index of 25.7 or more. 
These three risk factors were reasonably indepen-
dent from each other. Whereas the first captures 
hereditary factors, the second is entirely environ-
mental, and the third one results from the combi-
nation of genetic and environmental factors. The 
high importance of family history found in this 
study emphasizes the suitability of isolated popu-
lations to detect such effects, as their reduced ge-
netic and environmental diversity enables detect-
ing these effects more easily than in the outbred 
diverse general population (18-20).
The study also convincingly showed that fac-
tors such as smoking, socio-economic status, lev-
el of education, cardiovascular morbidity (as-
sessed through claudication index), and intensity 
of physical work at home did not contribute sig-
nificantly to the risk of lumbar intervertebral disc 
herniation in these populations. For most of these 
variables, the prevalence of risk exposure was al-
most exactly the same among the cases and the 
controls, which in a way controls for confound-
ing effects and implies that the sampling was ade-
quately performed and that the observed positive 
results of this study are likely to be genuine.
Based on identified risk factors, a simple 
screening test was devised to assist primary care 
workers in isolated human populations to iden-
tify persons in the community who would be at 
risk of lumbar intervertebral disc herniation re-
quiring lower spine surgery. A possible concern 
over the suggested screening test is that screening 
methods are mainly useful when an intervention 
is available to reverse the risk. In such individu-
als, preventive activities (such as exercises for the 
lumbar spine and lifestyle change) could then be 
introduced to delay or defer the need for the sur-
gery (3). We tested the validity of screening tests 
based on the presence of 3, 2, or 1 risk factor. We 
showed that a very simple screening test, based 
on presence of any two of these three risk factors, 
has a sensitivity of 74% and specificity of 82% to 
detect persons who underwent lower spine sur-
gery because of lumbar intervertebral disc her-
niation in the population aged 40 years or more. 
This test could be very useful, as it allows identifi-
cation of a large majority of the individuals who 
will develop lumbar intervertebral disc hernia-
tion requiring surgery and applying indicated in-
terventions to prevent the need for surgery, with-
out involving many of the individuals who would 
never have lumbar intervertebral disc herniation.
Effective screening test is of particular pub-
lic health importance in rural and isolated popu-
lations with limited access to secondary and ter-
tiary health care. The incidence of the problem 
peaks at fifth decade of life (6), with increasing 
likelihood of the rupture of the posterior liga-
ments of the spine and herniation of interverte-
bral disc (21). The problem decreases with age, as 
the turgor and elasticity of intervertebral disc are 
decreased among the elderly (22).
A number of factors could have interfered 
with the validity of our results. We excluded the 
examinees who underwent surgery of the lower 
spine due to other causes (eg, degenerative chang-
es, stenoses) from the cases, although they reflect-
ed mere continuum of degenerative spinal disease 
with disk height changes, herniation, microinsta-
bility, ligamentous hypertrophy, stenosis, and 
others. However, inclusion of these early chang-
es would greatly reduce the specificity of the case 
definition and lead to numerous misclassifica-
tions. We wanted to investigate only the most se-
vere end of the spectrum in order to reduce mis-
classification as a potential bias. In addition, the 
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most severe cases were also more likely to reveal 
the true underlying risk factors and were also of 
the greatest practical significance in considering a 
preventive public health action.
Another possible problem is more gener-
al relevance and applicability of the findings in 
our chosen population (rural, isolated). This se-
lection was based on the assumption that hard 
physical labor underlies much of the episodes of 
lumbar intervertebral disc herniation at the lev-
el of population. We did so despite of the “sim-
ilarity” in the prevalence of lumbar interverte-
bral disc herniation surgery in urban and rural 
areas, which is likely to be mainly due to a larger 
number of surgeons available and larger number 
of surgeries generally performed in urban areas. 
Therefore, the indication for surgery in urban 
areas is likely to be more permissive than in ru-
ral areas. This is precisely why we chose to under-
take our study in the isolated rural area, because 
the prevalence of the problem is certainly con-
siderably greater there due to their harder physi-
cal labor in agriculture and fishery and maintain-
ing difficult bending positions for long periods of 
time, in combination with the low accessibility of 
tertiary sector health care. So, it is more useful to 
have a screening method in rural rather than in 
urban areas, and the results of our study are not 
invalidated by the potential confounding factor 
of health care accessibility in any way.
Besides those general concerns, there are also 
some more specific ones. A statistically significant 
investigated variable was based on self-assessment 
(the intensity of physical labor), and there could 
be a variation in self-perceived intensity of their 
work. Furthermore, the second important pre-
dictor of lumbar intervertebral disc herniation 
requiring surgery – positive family history of 
lower spine surgery, could also reflect shared en-
vironment as well as shared genetics, as there may 
be risky behaviors within a family which were 
not directly investigated. As for the third signif-
icant risk factor (body mass index), a possibility 
of reverse causality should be considered, ie, that 
people gained weight and developed higher body 
mass index as a consequence of restricted activity 
and altered lifestyle caused by severe lower spinal 
problems and the surgery. Similar problem does 
not extend to the fourth significant risk factor, 
occupation type, as all occupations were record-
ed as those before surgery.
Our findings are in line with the results of 
the previous studies of risk factors for lumbar in-
tervertebral disc herniation. It is known that the 
incidence is greater in men, 12.8 per 1000, as op-
posed to 6.6 per 1000 in women after the age of 
28 years (4). Body mass index was already con-
sidered an important risk factor, although pre-
dominantly among men (3). Hard physical work 
involving lifting and carrying heavy objects and 
bending was also proposed as a risk factor (5). In-
juries of the spine contribute to small structural 
damage and acceleration of degenerative changes, 
which increases the risk in persons who had spi-
nal injury (11). The effect of smoking is contro-
versial, and this study supports the previous stud-
ies in which the effect was not noted (13). The 
role of genetic factors was also confirmed in twin 
studies, where it was assessed that genetic factors 
contributed at least 20% to the incidence of the 
disorder (23).
This study showed that lower interverte-
bral disc herniation requiring surgical treatment 
could be predicted in advance to some extent, us-
ing a very simple set of criteria. These criteria rely 
on 3 identified risk factors (positive family his-
tory, intensity of physical labor at work defined 
as “hard”, and body mass index 25.7 or more), 
and this screening could reduce the need for sur-
gery in isolated communities through prevention 
within primary health care.
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